EXECUTIVE SUMMARY
The Working Group on Women in Physics of the International Union of Pure and Applied Physics (IUPAP) subcontracted with the Statistical Research Center of the American Institute of Physics (AIP) to conduct an international study on women in physics. This study had two parts. First, we conducted a benchmarking study to identify reliable sources and collect data on the representation of women in physics in as many IUPAP member countries as possible. Second, we conducted an international survey of individual women physicists.
The survey addressed issues related to both education and employment. On the education side, we asked about experiences and critical incidents from secondary school through the highest degree earned. On the employment side, we asked about how the respondents' careers had evolved and their selfassessment of how well their careers had progressed. In addition, the questionnaire also addressed issues that cut across education and employment, such as the impact of marriage and children, the factors that contributed the most toward the success women had achieved to date, and suggestions for what could be done to improve the situation of women physicists.
HIGHLIGHTS
• The report contains country-level data and anecdotal information about the representation of women in physics from 34 countries (Table 1 ).
• Most of the women physicists who responded to this survey reported that they developed an interest in physics during or before they were in secondary school (Table 3) . This emphasizes the importance of the opportunity to study physics and the encouragement to pursue science early in the academic system. • Respondents felt they had generally positive experiences as undergraduates and as graduate students.
• About one-third of the women who responded felt that they had progressed more slowly in their careers than their colleagues had (Table 10 ).
• The demands of a career in physics seemed to preclude several of the women in our study from marrying or having children. Of those who are married, a significant number reported that marriage affected their work. When comparing themselves to their colleagues, women with children were more likely than women who do not have children to say their careers had progressed slowly (Table  15 ).
• The factor most frequently cited by women physicists as contributing to their success was the support of their families, including their parents and husbands. Many also mentioned the support of advisors, professors, and teachers, and some cited the support of colleagues. Also frequently mentioned were the women's own determination, will power, and hard work.
• Barriers that the women mentioned included the problems of balancing the demands of child care with the demands of a scientific career. Another barrier was discriminatory attitudes, usually expressed in the form of assumptions that women cannot do physics.
• Three out of four women who responded said that they would choose physics again. Columbia: 1998 and 1999 data. g. Lithuania: 1996 -2001 
SECTION I: COUNTRY-LEVEL DATA AND ANECDOTAL INFORMATION
This section contains country-level data and anecdotal information on the representation of women in physics from various countries.
Country-Level Data
The country-level data (Table 1) were compiled from external, reliable sources such as government agencies and physics societies that routinely collect data such as these. In order to be included in the country-level data, countries had to provide accurate numbers of physics graduates broken down by year, level of degree, and gender.
Anecdotal Information
The anecdotal information was collected mainly through personal correspondences of the IUPAP team leaders with universities and colleges in their countries. Although some team leaders were able to obtain fairly complete information, it was not appropriately broken down by year, and so could not be included in the comparison of country-level data. A complete list of sources is at the end of the report.
Albania
First-Level Degrees • The three institutions that award first-level degrees for a teacher of physics reported awarding 16 degrees to women and 13 degrees to men during the 1999-2000 school year.
Armenia

First-Level Degrees
• The one institution that grants first-level degrees reported awarding 30 degrees to women and 35 to men during an unspecified time period.
Ph.D. Degrees
• The six institutions that award Ph.D. degrees reported awarding one degree to a woman and three to men during an unspecified time period.
Cameroon
First-Level Degrees
• The University of Dschang reported awarding 24 degrees to women and 131 to men since 1993. 
Chile
First-Level Degrees
South Africa
First-Level Degrees
• The University of Potchefstroom reported awarding six first-level degrees to women and 61 to men over the last 10 years.
Ph.D. Degrees
• The University of Port Elizabeth reported awarding one Ph.D. to a woman and five to men between 1991 and 1995.
• The University of Potchefstroom reported awarding two Ph.D.'s to women and 12 to men over the last 10 years.
• The University of Cape Town reported awarding one Ph.D. to a woman and four to men over the last five years.
Sudan
First-Level Degrees
• Three of six institutions that grant first-level degrees reported awarding 56 degrees to women and 97 to men during an unspecified time period.
Federal Republic of Yugoslavia
First-Level Degrees
• Five of the six institutions that award first-level degrees reported awarding 561 degrees to women and 525 to men over the last 15 years.
Ph.D. Degrees
• The four institutions that grant Ph.D.'s reported awarding 76 degrees to women and 266 to men since 1947.
SECTION II: THE INTERNATIONAL SURVEY OF WOMEN IN PHYSICS
How the Survey Was Conducted
There is no source for the names and contact information for all physicists (irrespective of gender) in every country. Thus, we relied on personal networks among women physicists in each IUPAP country. The team leaders in each country were asked to e-mail women physicists they knew in their countries. The latter were asked to complete the questionnaire and return it via e-mail to the Statistical Research Center, as well as to forward the questionnaire to other women physicists they knew. During the summer and early fall of 2001, Dr. Marcia Barbosa, chair of the Working Group, e-mailed team leaders in IUPAP countries on several occasions to encourage them to disseminate the questionnaire. We eventually received more than 1000 responses from women physicists in 55 countries. Table 2 shows the number of responses by country. The authors worked with the IUPAP Working Group on Women in Physics to develop several versions of the questionnaire instrument. In light of the unique character of the educational and economic systems in each country, we decided to focus on a few key issues and a few key stages in the education and careers of physicists. It was decided that to attempt a more detailed picture would have required a questionnaire of considerable length, which would have been an enormous burden on the respondents. Even so, the final questionnaire instrument grew to six pages in length.
The findings from the international survey include women physicists who responded even if they do not currently live in an IUPAP country. However, the report on this study does not include responses either from men physicists or from those women whose highest degrees were in fields other than physics.
Cautionary Comments
Readers of this report are cautioned about the generalizability of the data from the survey. First, although we heard from women physicists who currently reside in more than 50 countries, their experiences may not be representative of all women physicists in all countries. In fact, the personal networks that made it possible to contact women physicists may also bias the results in favor of those women who are known and reachable by e-mail. Thus, in some countries, the women who responded may overrepresent the number of women physicists who are academically employed. Also, e-mail was used almost exclusively in the distribution of the questionnaire. However, e-mail is not yet universally available, and so some women physicists may not have had the opportunity to participate in the study.
Second, the study only includes those women physicists who persisted. Students who dropped out of physics during their education could not be identified. Had we been able to include such students, we may have received more negative comments about the educational systems in different countries. We were unable to locate women physicists who left physics after earning an advanced degree. Thus, the survey did not have adequate representation from women physicists who could not find jobs in physics, those who left physics because they had children and were expected to devote their time to their families, or those who left physics because of discriminatory attitudes. Finally, the survey did not include women who did not have the opportunity to pursue advanced education because of the economic, social, political, or educational systems in their countries.
Finally, the questionnaire instrument was written in English, and some women physicists are not fluent in English. Thus, some questions may have been misunderstood. Also, we saw evidence in the replies to open-ended questions that some respondents were having difficulty expressing themselves using English.
Encouragement From Parents
Most of the women physicists who responded to this survey reported that they developed an interest in physics during or before they were in secondary school (Table 3) . Thus, early encouragement to pursue education and an early exposure to science are fundamentally important, and family members are in an excellent position to provide these experiences.
Parents play an essential role in the development of their children. They can encourage their children to pursue education and to pursue science. They can provide their children with hands-on scientific experiences and can expose children to exciting scientific events going on around them. Parents also play an essential role in the development of a child's self-esteem. This strong belief in one's intellectual ability is a critical source of strength 
"My father was a physics teacher and taught me the beauty of physics. I received an education focused on sciences and never felt I was treated different for being a woman." [Switzerland] "My family allowed me to study as much as I wanted." [South Korea] "I think I did it all by myself, but I can't ignore my big brother's support during my education." [Turkey]
Encouragement From High School Teachers
High school teachers have a critical role on several levels. They have the responsibility of teaching students about both the subject matter and the excitement of a field. They also have the opportunity to affect students' confidence in their ability to succeed during the period when many students first make choices about eventual fields of study.
Almost one-third said they were influenced to choose physics by their teachers. However, about one-fourth rated the teaching of high school physics as worse than other subjects in their country.
"I was very fortunate to have an excellent science teacher in high school. We did experiments and I was utterly fascinated by the accuracy in some of the results. I think that having the opportunity to actually see first-hand the confirmation of what one learned in class made a deep impression on me and was very satisfying." [South Africa]
"I had talent in physics and mathematics, but the middle school teacher of mathematics (he was a male) didn't care for me. He was dismissive of girls' abilities and didn't like for girls to be the first in the class. While the teacher of physics (she was female) took care of me, she supported me and encouraged me to study physics, worked with me by giving me difficult exercises, laboratory work and different books in physics." [Albania] "My secondary school teacher was a scholar and taught us so well that everyone in my class was interested in physics." [Nigeria] 
Undergraduate Education
Undergraduate education is a unique stage in the educational system for several reasons. It is the first time that students publicly declare their intention to pursue a particular field of study. It is the first time that many students will meet practitioners in their intended field. It is also the first time that one field will make up a considerable portion of their studies.
Professors play an essential role during this stage of education. Imparting knowledge about the discipline is but one aspect of their responsibilities. No two students enter college with identical educational experiences and expertise. The best professors typically spend time with each of their students to identify the student's strengths and weaknesses. They then advise their students on ways to build on their strengths and address their educational shortcomings. Finally, professors represent the front line of their discipline. Thus, it falls to them to explain the excitement of their field and to encourage students to go as far in the educational system as their abilities will take them.
Almost all of our respondents were undergraduate physics majors, and almost all who were said they had received either the same amount of attention from their professors or more attention from their professors than the other students did. However, class size affects the quality of the attention that female physics students received (Table 4) . Students who graduated from large departments reported less positive attention than students who graduated from smaller departments.
It should be noted that students who dropped out of physics were not included in this study. Thus, the fact that we received only a few negative comments about the attention professors gave to female students may not be representative.
" [When I was] 
Graduate Education
Graduate physics education provides students with knowledge of physics and an understanding of the basic principles that govern how the physical world works. However, a physics education does even more. It also provides students with the research and cognitive skills that are important for a good physicist. These include critical and analytical thinking, problem-solving skills, and learning how to define a problem and identify a set of possible solutions. In graduate school, students learn to look at the world in the unique way that physicists do.
"I believe that a…physics degree develops the ability to think laterally, to work through processes and consider all avenues before development." [Ireland] In addition, physics students also acquire technical skills such as advanced mathematics, computer skills (both hardware and software), and the ability to work with lab equipment, including using, designing, building, and repairing sophisticated equipment. Finally, physics provides students with educational experiences that are intended to develop the traits that are important in good scientists, such as being hard working, meticulous, persistent, tenacious, and self-confident. In other words, in graduate school, students learn the culture of physics. They learn how to think like a physicist, communicate like a physicist, and work like a physicist.
Given the importance of graduate school, a good advisor can make all the difference in the professional success of a young physicist. The women who responded to our survey tended to have supportive graduate school advisors. Almost all of our respondents said that they had no difficulties finding an advisor, and almost all of the advisors were male. More than four out of five described their relationships with their advisors as either excellent or good, and most say that their advisor treated them better or the same as other graduate students.
" [I had a] Graduate education is the time when students learn to do research. In a positive educational atmosphere, students present their research at conferences and learn to write professional papers. During graduate school, almost three-fourths of our respondents were asked to present a poster or a talk at a conference, and two-thirds were asked to co-author a paper. However, only about half were asked to write a research paper on their own while they were in graduate school (Table 5 ).
Exposure to International Research Opportunities
A physics Ph.D. is a research degree, and opportunities to do physics research are essential. A significant aspect of developing research expertise involves participation in international research projects. Many physicists make research visits to foreign countries or even move internationally to pursue careers. However, most of our respondents went to undergraduate school and graduate school in the same country in which they currently work. Three-fourths of these have made research visits to foreign countries at some point in their careers. In many countries, doing one or more postdocs after receiving a Ph.D. is also essential to a successful career. A little more than three out of five of our respondents who have Ph.D.'s worked as postdocs, although postdocs were more common in some countries than in others (Table 8) .
Of those who did work as postdocs, about half worked in academic settings for their postdocs. About three-fourths of those who worked as postdocs worked four or fewer years.
Among the women who responded to our survey, those from developed countries were much more likely than women from developing countries to have postdocs. Most respondents from developed countries had postdocs, while the majority of respondents from developing countries did not (Table 9) . Academia continues to be a primary employer for physicists. Two-thirds of our respondents are employed in academia. Of these, about two-thirds have tenure or a permanent position. Most respondents from academia say [France] that it took them the same or less time as their colleagues to get tenure. However, one-third of all respondents felt that they had progressed more slowly in their careers than their colleagues (Table 10 ). And about one-fifth said that they had less funding and equipment than their colleagues in similar positions or stages.
In addition to earning an advanced degree and possibly taking a postdoc, other steps can be taken in order to have a successful career. Physicists serve on committees, review others' work, and present their research at conferences. The majority of our respondents have given invited talks at conferences. Almost half have acted as referees for journals and have served on important committees at their institutes or companies. Almost two-fifths have served on steering committees for conferences. However, the majority say that they have not served on committees for grant agencies or as editors of journals (Table 11) .
Although half of the respondents say that they have served on important committees, it should be noted that women are often excluded from committees that have real power in their institutions and are relegated to less important committees. Regardless of the prestige and power of the committee, women are assigned too often to committees as tokens, and are effectively excluded from having any real input into the decision-making processes of the committee.
How do respondents think they compare to their colleagues at similar stages in their careers? Almost one-third say that they have served on steering committees for conferences less often than their colleagues have. About onefourth say they have served as referees for journals and as editors less often than their colleagues. Almost one-third say they have given invited talks less often than their colleagues have.
Marriage
Women physicists who responded to the survey have mixed reactions about marriage. Some see it as a benefit, but many find it detrimental to their careers, especially because it can bring the problem of finding a job near one's spouse. More than one-fourth of the women who responded have never been married, and many chose this route in order to focus on their careers.
"If I would have gotten married, I could have no career." [Spain]
For the women in our study, marriage patterns are different in developed countries than they are in developing countries. Respondents in developing countries are more likely than respondents in developed countries to be married. In fact, one-third of respondents from developed countries are not married, and only one out of five respondents from developing countries are not married. Respondents in developed countries are also more likely to wait until after receiving their final degrees to get married than respondents in developing countries are (Table 12) . Of those who did get married, more than one-third waited until after their final degree to get married, but about half got married during graduate school. About two out of five of those who got married said that marriage affected their work. For many the effect was negative, and many of these mentioned the difficulty of finding jobs near their husband's place of employment. Other women said that the effect of their marriage was positive because they had married another physicist, or because their spouse was particularly supportive, or because the routine chores of daily life were now shared by two people. "I worked more because he was also in grad school, we encouraged each other." [Brazil] "I discuss my work at home. My husband is also an astronomer, and a computer wizard, so he helps me by writing programs for me as well." [Netherlands] " [Marriage] allowed me to devote myself to my studies in a more directed manner: I spent less time at work but improved my working efficiency. Meals and routine chores were shared and became less of a burden." [Canada] The perception that marriage affected work varied greatly in different countries. In some countries, such as Egypt, the US, and Russia, a majority of married women said that marriage had affected their work. In other countries, such as China-Beijing and the UK, very few women said that marriage had affected their work (Table 13) .
Children
In most societies, cultural expectations place most of the responsibility for child care on women. Therefore, most women physicists who have children are typically responsible for child care. They must find ways to balance the demands of their careers with the demands of their family responsibilities. There are cultural pressures to succeed as mothers and wives, and there are scientific pressures to succeed as physicists. [Bulgaria] "The odds are stacked against women very subtly and mostly in the form of guilt about neglect of family and children, from family and loved ones at home. That's a combination that's hard to beat. So some kind of awareness among the general public about why it's important for women to hold their jobs and make a mark is also an essential ingredient in getting more women into research, and keeping them there." [India] "I think many of the problems stem from societal reasons, and these will probably iron out to some extent with time. We have different traditional systems, and they mostly place the women in caring roles (often confined to the home). These coexist with 'modern' roles, and the so-called 'career women' of today spend a good fraction of their energies trying to bridge the divide between what is expected of them at work and at home. Some of the compromises we must make don't earn us much credit in either sphere of action, and can be quite demoralizing!" [India] "Awareness should be aroused in the society regarding sharing of family responsibilities, so that it becomes easier for women scientists to balance family and career." [Pakistan] "Since all the burden of raising children falls on the shoulders of the women, there are small chances for them to progress at the same rate as men in the same position." [Israel] "I think that the situation for all women should be improved as the women are left almost all by themselves to raise the children, work, and take care of the house." [Brazil] "I believe it is a social problem, not directly related to physics. As long as the housework and children care will not be equally shared by men and women, it will be considerably more difficult for women to be successful in a career, whatever this career is." [France] Unfortunately, the culture of physics includes the requirement that physicists work long hours. With this comes the related belief that anyone who has to limit her work time is less productive. Women are keenly aware of these beliefs. Some react by concluding that work and family are incompatible and choose to leave physics (unfortunately these women could not be included in this study). Some chose career over family and made the choice not to have children. More than two out of five of our respondents have not had children. Of those older than 45, more than onefifth have not had children.
"The main reason, in my opinion
Other women have families, but keep putting in the long hours, often returning to the lab after the children are in bed. Still others say that they simply became more productive during the hours they are at work. "My husband couldn't understand why I was tired all the time, why I worked so many nights and why I spent most weekends marking tutorial problem sheets." [Australia] "Having a daughter [while I was] Among all respondents who had children, the majority waited until after their final degrees to have them. This places most of them into their 30s at the birth of their first child and interrupts research demands just when they are trying to start their careers. The pressure is particularly strong on those who are trying to obtain tenure in academic jobs.
" [Allow] greater flexibility in postdoc to tenure-track, which would allow childbearing without committing career suicide." [USA] "It would be desirable to have some kind of "sabbatical year" in order to alleviate the pressure for publication and other production for those who have babies." [Argentina] "I think it would be an advantage if a rule existed that when you apply for a research job, the time you have been on maternity leave doesn't count when they evaluate your list of publications." [Denmark] Another strain comes from the expectation that physicists make international research visits a priority, as many of our respondents did. Travel is particularly difficult for women with very young children. One respondent reported that a woman she knew had left physics altogether because she was "asked to go abroad for one year, just after she had a baby." [Italy] The cultural expectations to have children are often very different for women in developing countries than they are in developed countries. Respondents from developed countries are much more likely not to have children than those from developing countries.
• More than half of all respondents from developed countries do not have children, but less than one-third of respondents from developing countries do not have children (Table 14 ).
• Among respondents over age 45, about one-third from developed countries do not have children, but only one in ten from developing countries do not have children.
• Among respondents with children, those from developing countries are much more likely to have them during school than respondents from developed countries are. Respondents from developed countries generally waited until after their final degree to have children (Table 14) .
The majority of women with children said that having children affected their work. In addition, women with children were more likely to say their career had progressed more slowly compared to their colleagues than women who do not have children ( 
Evaluation of the Situation of Women in Physics
Although more than three out of four said they would choose physics again, three out of four also said the situation for women in physics in their country needs to be improved. When asked to describe how the situation could be improved, the most frequently mentioned factor had to do with reducing the burden child care places on women. Women mentioned making day care more available or convenient, taking steps to make travel easier during the years when children are young, and having husbands who do their share of child rearing.
The second most frequently mentioned way to improve the situation of women in physics had to do with ending discrimination either across society, or more locally at their individual jobs or schools. These situations are, of course, not unique to physics. More than two-thirds said that they knew a woman who had left or given up physics. The most frequently mentioned reason for women giving up physics was that they left for family reasons (marriage and/or children). The second most frequently mentioned reason was that they left for a different job, field, or career. Also frequently mentioned was the difficulty of finding a permanent job in physics, which is likely worse for married women.
"[I know women who left physics] simply because they could never get proper positions as physicists, though most of them had the same kind of abilities as their male colleagues." [Japan] 
Success in Physics
We asked what factors women thought had contributed to their success in physics. The most frequently mentioned factor was the support of their families, including their parents and husbands. Many also mentioned the support of advisors, professors, and teachers, and some cited the support of colleagues. [Switzerland] Also frequently mentioned were the women's own determination, will power, and hard work. 
CONCLUDING REMARKS
Women pursue careers in physics because they have a passion for the field. They succeed because they are smart, they are determined, and they work hard. In short, they are a remarkably valuable resource for the educational systems and the economies of their countries.
We asked women physicists if they would choose physics again. Three out of four replied that they would. One of the goals of the conference was to identify ways to get this number closer to 100%. Another goal was to identify the changes that will make it possible for the next generation of women physicists to succeed in school and to have the opportunity to successfully pursue careers in physics.
Many women succeed in physics despite tremendous obstacles. All over the world, women physicists report similar barriers to their success. The cultural pressure to be caretakers of children conflicts with the scientific pressures of physics. Women also face barriers in the form of strongly held beliefs that women are incapable of doing good science.
However, women also report similar keys to success regardless of their country. Over and over again, women mentioned the support of others-families, husbands, teachers, advisors, and colleagues-as integral to their success. There is also the continual reference to women's own strength and determination in the face of barriers. These women relied on themselves and on others, and became successful physicists.
"Physics is a subject I love very much and I don't think I can stop learning new things about physics." [Nigeria] "I think physics is a fantastic thing to do." [Sweden] 
